Intracellular kinetics of free catalytic units dissociated from adenosine 3',5'-monophosphate-dependent protein kinase in adrenocortical tumor cells (Y-1).
To define the role of cAMP in the actions of ACTH, the dissociation of cAMP-dependent protein kinase and the subsequent intracellular location of its free catalytic units were monitored after exposure of Y-1 cells to ACTH, FSH, or cyclic nucleotide analog. To accomplish this, a fluorescinated cytochemical probe was used that complexes specifically with free catalytic units from cAMP-dependent protein kinase. Also, the effects of hormone or nucleotide on secretion of fluorogenic steroids and DNA synthesis were examined. Y-1 cells dissociated protein kinase in a dose-dependent fashion when exposed to ACTH or cAMP analog, but did not respond to FSH, which was one of the control agents used. After 30 min of treatment with 1.5 X 10(-10) M ACTH, free catalytic units were observed only in the cytoplasm of Y-1 cells, whereas a similar time of exposure to 3 X 10(-10) M ACTH led to the appearance of catalytic units in nucleolus as well as in cytoplasm. ACTH (6 X 10(-10) M) caused a rise in cytoplasmic and nucleolar protein kinase dissociation proportionally greater than that seen in cultures exposed to 3 X 10(-10) M ACTH. Upon treatment with 6 X 10(-10) M ACTH, the amount of free catalytic units in cytoplasm and nucleolus was detectably greater than that in controls within 1 min of stimulation and continued to rise with increasing time of exposure to hormone. The nuclear, mostly nucleolar, content of free catalytic unit appeared to peak after 15 min of stimulation, while cytoplasmic enzyme levels continued to rise up to 60 min. Exposure of Y-1 cells to nucleotide analog caused cAMP-dependent protein kinase dissociation with temporal kinetics and a subcellular distribution similar to that seen after ACTH stimulation. We conclude that actions of ACTH are mediated by cAMP-dependent protein kinases. Further, there appear to be two intracellular pools of protein kinase, one nucleolar, the other cytoplasmic, and these may be independently regulated, with the nucleolar enzyme requiring higher concentrations of ACTH for dissociation than those needed for cytoplasm protein kinase. These observations may be relevant to the fact that more ACTH is required to inhibit DNA synthesis than is necessary to enhance steroid production.